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ABSTRACT 

We present the results of the first spectroscopic observations of two planetary neb- 
ula (PN) candidates in the Local Group dwarf irregular galaxy IC 10. Using several 
spectral classification diagrams we show that the brightest PN candidate (PN7) is 
not a PN, but rather a compact Hll region consisting of two components with low 
electron number densities. After the rejection of this PN candidate, the IC 10 plane- 
tary nebula luminosity function cutoff becomes very close to the standard value. With 
the compiled spectroscopic data for a large number of extragalactic PNe, we analyse 
a series of diagnostic diagrams to generate quantitative criteria for separating PNe 
from unresolved Hii regions. We show that, with the help of the diagnostic diagrams 
and the derived set of criteria, PNe can be distinguished from Hff regions with an 
efficiency of ^99.6%. With the obtained spectroscopic data we confirm that another, 
1™7 fainter PN candidate (PN9) is a genuine PN. We argue that, based on all cur- 
rently available PNe data, IC 10 is located at a distance 725I33 kpc (distance modulus 
(m-M) = 24.30l°:i«). 
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1 INTRODUCTION 
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galaxies: evolution 



The Local Group is an excellent laboratory for studies of 
galaxy evolution, providing us with a wide range of dif- 
ferent galaxy types in a variety of environments. The star 
formation (SF) histories of Local Group galaxies can be 
obtai ned from color-magnitud e diagrams of resolved stars 
('e.g.. lAparicio fc Gallart(l995l ). Using this method it is pos- 
sible to constrain the entire SF and chemical enrichment his- 
tory of galaxies. However, the results are model-dependent, 
and should be compared with other, additional observational 
data which can be obtained for Local Group galaxies. One 
such complementary means of determining the SF and chem- 
ical evolution histories is a study of planetary nebulae (PNe), 
which can be used simultaneously as age, kinematics and 
metallicity tracers. The abundances from both Hll regions 
and PNe allow one to derive an approximate enrichment 
history for a galaxy from intermediate ages to the present 
day and permit abundance measurements at different lo- 
cations. The latter, in turn, helps to test the homogeneity 
with which elements are distributed through a galaxy and, 



* Based on observations obtained at tlie 6m SAO RAS telescope, 
f E-mail: akniazev@saao.ac.za (AYK); sap@sao.ru (SAP); 
zucker@ast.cam.ac.uk (DBZ) 



thus, the timescale fo r heavy element diffusion an d mixing 
iKniazev et al.ll2005al . l2006al : iMagrini et al]|2005al ) . 



In this paper, we present new results of a PN study 
in the Local Group dwarf irregular galaxy IC 10, which is 
situated at low Galactic latitude {b = —3? 3). Estimates 
of the distance to IC 10 vary, including values of 830±11 
kpc, based on observations of Cepheids (|Saha et al.lll996l ): 
660±66 kpc, based on Ce pheids and tip of the red giant 
branch (RGB) stars CSakai et al., 19991): and 741±3 7 kpc, 
based on a study of carbon stars ( Demers et al. |2004|). IC 10 
is hig hly obscured, with Eb-v = 0-77 ± 0.07 (|Richer et all 
I2OO1K . Wit h the position of IC 10 on the sky only ~18° apart 
from M31. Ivan den Berghl (|2000l ) suggests that it may be a 
memb er of the M31 subg roup. The large number of H 11 re- 
gions (|Hodge fc Ledl 19901 ) indicates that IC 10 is undergoing 
a massive episode of SF. Estimates of the intensity of SF 
were revi sed upward after many WR stars were discovere d 
in ICIO (iMassev et al.lll992l : iMassey fc Arm androfj Il995l ) . 
This number of WR stars is remarkable for a galaxy of its 
size and is at least a factor of two higher than the density 
of such stars seen in any other Loca l Group galaxy. This 
fact led iMassev fc Armandrofj (|l995l ) to classify IC 10 as a 
starburst galaxy, the only such object in the Local Group. 
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[Richer et all l|200ll ) concluded that IC 10 should be consid- 
ered a blue compact dwarf galaxy. 

Sixteen PN c andidates were identified in IC 10 by 
iMagrini et al. I (|20C)3y on the basis of both [Olll] and 
Ha-|-[Nll] continuum-subtracted images. No PNe were 
found very close to the center of this galaxy, presumably 
because of the presence of numerous extended HIT regions 
covering a large fraction of the galaxy's area. The distri- 
bution of msooT magnitudes for all detected PN candidates 
looks unusual since the brightest one is ~1™7 brighter than 
the next brightest. Observations and analysis of three of 
these PN candidates are presented below. 

The paper is organized as follows. Section [5] gives a de- 
scription of all observations and the data reduction. Our 
results are summarized in Section [3] and discussed in Sec- 
tion 131 Throughout the paper, for distance-dependent pa- 
rameters we have a ssumed a distance to IC 10 of 740 kpc 
iDemers et al.ll2004l ). 



2 SPECTRAL OBSERVATIONS AND DATA 
REDUCTION 

Long-slit spectral observations wer e obtained with the 
SCO RPIO multi-mode instrument (|Afanasiev fc MoiseevI 
l2005l ) installed in the prime focus of the SAO 6 m telescope 
(BTA), during two nights in November 2004. The VPH550g 
grism was used with the 2Kx2K CCD detector EEV 42- 
40, with an exposed region of 2048x600 px. This gave a 
wavelength range -3500-7500 A with ~2.0 A pixel"^ and 
FWHM ~12 A along the dispersion direction. The scale 
along the slit was 0'.' 18 pixel" ^ , with a total length of ~2'and 
a slit width of 1" . The c oordinates for the obse rved PN can- 
didates were taken from lMagrini et"al] (l2003bl ). Ha acquisi- 
tion images were obtained before the spectroscopic observa- 
tions in order to select optimal positions for the slit. In these 
images, the can didate PN 7 (02000. o ~ 00:20:22.22, 52000. = 
59:20:01.6 from Magrini et al. (2003b) appeared as an elon- 
gated object consisting of two regions: a starlike one (here- 
after PN 7a) and an extended one (hereafter PN 7b). The slit 
was positioned to observe both of these simultaneously. Can- 
didate PN9 (a20oo.o = 00:20:32.08, (520oo.o = 59:16:01.6) is 
a starlike source. Finding charts and the slit positions for 
our observations are shown in Figure [T] The exposure times 
used were 2x15 min for PN7 and 2x20 min for PN9, and 
the candidates were observed at airmasses of 1.8 and 1.1 
respectively. For wavelength calibration, the object spectra 
were complemented by reference He-Ne-Ar lamp spectra. 
Bias and fiat-field images were also acquired for a standard 
reduction of 2D spectra. The spectrophotometric standard 
star Feige 34 (Bohlin 199f|) was observed for flux calibration. 

Reduction of all data was performed using the standard 
reduction systems MIDA^ and IRAF0. All cosmic ray hits 



^ MIDAS is the acronym for the European Southern Observatory 
package - Munich Image Data Analysis System. 
^ The Image Reduction and Analysis Facility is distributed by 
the National Optical Astronomy Observatory, which is operated 
by the Association of Universities for Research in Astronomy, Inc., 
under cooperative agreement with the National Science Founda- 
tion. 
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Figure 1. Co-added Ha images obtained with the 6m telescope 
for PN 7 (top) and PN 9 (bottom) candidates in IC 10. Image 
orientations are shown with arrows. The black objects on the 
image correspond to bright sources. The long slits were aligned 
with the Y-axis in this coordinate system, crossing the abcissa at 
X=0. The positions of the observed PN candidates are marked. 
At the assumed distance of 740 Kpc, 1" = 3.6 pc. 



were removed within MIDAS, while the IRAF package CC- 
DRED was used for bad pixel removal, trimming, bias-dark 
subtraction, slit profile and fiat-field corrections. To achieve 
accurate wavelength calibration, correction for distortion 
and tilt for each frame, sky subtraction and the correction 
for atmospheric extinction, the IRAF package LONGSLIT 
was used. Then, using the data on the spectrophotometric 
standard star, each 2D spectrum was transformed to abso- 
lute fiuxes and one-dimensional spectra were extracted to 
obtain the total observed emission line fiuxes. 

All emission lines were measured using the MIDAS pro- 
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Figure 2. ID spectra of PN candidates PN 7 and PN 9 in IC 10. 



grams described bv lKniazev et al" I (120041). Briefly, the y mea- 
sure the continuum with the method of lshergin" et al.l|l996D . 
derive robust noise estimates, and fit resolved lines with a 
single Gaussian superimposed on the continuum-subtracted 
spectrum. Some emission lines which were not sufficiently 
separated atr the given spectral resolution were fitted si- 
multaneously as a blend of two or three Gaussian features. 
They include the Ha A6563 and [Nil] AA6548,6584 lines and 
the [S ii] AA67f 6,6731 lines. The quoted errors of single line 
intensities include the following components: (1) errors re- 



lated to the Poisson statistics of line photon flux; (2) the 
error resulting from the measurement of the underlying con- 
tinuum, which gives the dominant contribution to the errors 
on faint lines; (3) an additional error related to the goodness 
of flt for fluxes of blended lines; and (4) a term related to 
the uncertainty in the spectral sensitivity curve (5% for the 
presented observations), which constitutes the main contri- 
bution to the errors of the relative intensities of strong lines. 
All these components are added in quadrature, and the to- 
tal errors have been propagated to calculate the errors of all 
subsequently derived parameters. 



3 RESULTS 

The relative intensities (normalised to I(H/3)) of all mea- 
sured emission lines, as well as the derived extinction coef- 
ficient C(H/3), the equivalent widths (EWs) of Balmer ab- 
sorption lines, the measured flux of the H/3 emission line, 
the measured heliocentric radial velocity, the electron den- 
sity Ne, the calculated extinction Eb-v = 0.68 • C{H/3), 
and the extinction v alue near A5007 A, A5007 ~ 3.5 • Eb-v 
dCardelh et al.lll989l ) are given in Table [T] The flnal reduced 
ID spectra are shown in Figure |2l The obtained values of 
C(H/3) in all spectra are high and correspond respectively 
to the high derived values of Eb-v- Assuming a the Milky 
Way foregroun d extinction of Eb- v — 0.77 in the direction 
of this galaxy (jRicher et al.|[200ll ). the internal extinction 
values A5007 vary in the range of ff^5 to 2^3. The latter 
implies that IC 10 contains a considerable amount of inter- 
nal dust, a conclusion supported by many previous studies. 
Because candidate PN7 was observed at high airmass (1.8) 
but not at the parallactic angle, it is possible that some flux 
may have been lost in the blue and/or red parts of the spec- 
tra. As Ha images were used to place obj ects on the slit, w e 
most likely lost flux in the blue. Based on lFilipDenkol(|l982h . 
we estimate that we might have lost ~ 30% in the spectral 
region of H/3 and ~50-60% in the spectral region of H7. 
For this reason, the extinction values found for PN 7 and 
shown in Table [T] should be considered upper limits. Our 
measured total [O ill] A5007 emission line fluxes for both 
observed candidates are a bout 2 0-30% lower than those pre- 
sented bv lMagrini et all (|2003bh . This is probably due to a 
combination of non-photometric conditions during our ob- 
servations and the non-parallactic observation angle used for 
PN 7. Fortunately, the uncertain extinction determination 
for PN 7 does not affect the results presented in Section [3] 

The derived radial velocities of PN 7a and PN 7b are 
close to each other, supporting the idea that both ob- 
jects belong to the same complex. Their velocities are also 
close to the optical velocity of IC 10 V?ie i = — 348 km s~^ 
(jHuchra et al.lll999l ). [Shostak fc SkillmanI (|l989l ) found that 
Hi velocities in ICIO range from —300 to —400 km s~^. 
Comparison of PN 9's position and its optical radial veloc- 
ity with the 2D Hi velo city distribution (Figure 7 from 
IShostak fc SkfllmanI [l989l) shows agreement to within the 
uncertainties of our velocity measurements. Thus, our ra- 
dial velocities for both PN 7 and PN 9 support the idea that 
the observed PN candidates indeed belong to IC 10. 



4 A. Y. Kniazev, S. A. Pustilnik, & D. B. Zucker 

Table 1. Line intensities of the observed PN candidates in IC 10 



Ao(A) Ion 


PN 7a 


PN 7b 


PN9 


F(A)/F(H/3) 




F{A)/F(H/3) 




F(A)/F{H/3) 


iw/nm 


4340 H7 


0.25±0.05 


0.461±0.116 


0.24±0.05 


0.37±0.08 


0.32±0.11 


0.49±0.15 


4861 H/3 


l.OOitO.08 


1.000±0.124 


l.OOitO.lO 


1.00±0.12 


1.00±0.18 


1.00±0.19 


4959 [O III] 


1.46±0.12 


1.263±0.109 


0.65±0.07 


0.58±0.07 


4.35±0.53 


3.61±0.65 


5007 [O III] 


4.84±0.37 


3.980±0.327 


2.11±0.19 


1.83±0.18 


14.81±1.77 


11.85±1.93 


5876 He i 


0.36±0.04 


0.121±0.016 


0.26±0.05 


0.13±0.03 






6548 [N 11] 


0.37±0.04 


0.069±0.009 


0.31±0.05 


0.11±0.02 


0.35±0.12 


0.11±0.04 


6563 Ha 


14.67±1.11 


2.763±0.404 


8.46±0.75 


2.91±0.30 


9.73±1.18 


2.91±0.44 


6584 [N 11] 


1.13±0.14 


0.209±0.031 


0.97±0.10 


0.33±0.04 


1.22±0.23 


0.36±0.08 


6678 He i 


0.12±0.02 


0.021±0.004 










6717 [S 11] 


0.80±0.07 


0.133±0.016 


0.71±0.08 


0.23±0.03 






6731 [S 11] 


0.58±0.06 


0.096±0.013 


0.49±0.06 


0.15±0.02 






7136 [Ar III] 


0.66±0.06 


0.082±0.010 


0.32±0.04 


0.08±0.01 






C(H/3) dex 


^2.10±0.04'' 


^1.35±0.07'' 


1.44±0.12 


F(H/3)'' 


7.50 


4.7 




0.66 




EW(abs) A 


4.00 


4.30 








EW(H/3) A 


140±4 


142±7 






Afe(Sn)(cm-=') 


40±60 


^10 








Rad. vel. kms~^ 


-361±25 


-355±34 


-391±43 


Eb-v mag 


^1.43±0.03 


^0.92±0.05 


0.98±0.08 


A5007 mag 


^5.01±0.10 


<3.22±0.17 


3.43±0.29 



° Note: PN 7a and 7b were not observed at the parallactic angle. See Section [3] for more details. 
Observed flux in units of 10~^^ ergs s~^cm~^. 



4 DISCUSSION 

4.1 PN or compact Hll region? 

Most extragalactic PN candidates are point-like sources. 
The task of distinguishing between PNe and com- 
pact Hi: regions in dwarf irregular and spiral galax- 
ies is extremely difficult and cannot be accomplished 
with morphological criteria alone. Usually, the line ra- 
tio R=I([0 ill] A5007)/I(Ha + [Nil] AA6548,6584) is used in 
searches for PN candidates with narrow-band imaging in 
Ha and [Olll] A5007 lines. A criterion of R > 1 .6 for PN 
candidates was adopted bv lCiardullo et all l|2002l ) after the 
analysis of a large sample of extragalactic PNe. However, 
it is well known that the ratio R is a function of the ab- 
solute magnitude of PNe, he nce many ext ragalactic PN 
candidates can have R < 1.6 Maerini et al.l (see, e.g., the 



list of PN candidates from l2003bl . l2005bh . Definitive clas- 
sification/separation can only be performed with classifica- 
tion/diagnostic diagrams, after candidate spectra have been 
obtained. PNe spectra have the same emission lines as H 11 
regions, but the central stars of PNe are hotter than the 
OB stars in Hll regions, and the line intensity ratios are 
different for this reason. In addition, the electron densities 
in most PNe are higher than those in Hll regions. Em- 
pirical emission line diagrams are often used both to dis- 
tinguish between different classes of i onized nebulae in the 
Galaxy llSabbadin fc D'Odoricdll976l: ISabbadin et al.l | l977 : 



Garci'a-Lario et al. 1991'; RiesEO-Tirado & L6pez| 2002 
Magrini et al. 2003a; Riesgo-Tirado & Lopez 2006 ) and dif- 
feren t types of emission-line galaxies (ELGs, e.g.. iHeckmanI 



1980l: [Baldwin et al.1 [l98ll: IVeilleux fc Osterbrockl 1 19871 : 



are no published quantitative criteria for distinguishing PNe 
from Hll regions. Analyses using the [O ill] A5007/H/3 ratio 
for classification purposes are absent from the literature as 
well, even though [Olll]A5007 is the strongest line in most 
PN spectra. 

To fill this gap and to derive quantitative criteria 
for the objective spectral classification of PN candidates, 
we first used a subsample of spectr a of Hll regions (H ll 
galaxies) from the SDSS database (jKniazev et al ] |2004l ). 
Their line intensity ratios are shown in Figures [3] and 
m These data cover very large ranges for a variety of 
emission line intensity ratios in Hll galaxies of different 
excitation types, and therefore can be used to define 
their loci properly. Secondly, we compiled from the lit- 
erature a sample of extragalactic PNe with published 
spectra or emission line measurements. Data from the 
follow i ng galaxies were included : M 31 (Ijacobv fc FordI 
1 19861 : IJacobv fc CiarduUol 1 19991 : iKniazev et all l2005d) 
M 3 3 jMagrini et all l2003al), LM C and SMC llAUerl 
19831: [Monk et al. 19 M; Boroson fc LiebertI Il989l : 
Meatheringham fc Dopi tal [l99Tallb : IVassiliadis et al1ll992l: 
Jacobv fc Kaleriil993 : ,Dopita et al.ll993l: iLeisv fc Dennefeldl 



Ugrvumov et al.1 Il999[ ). Unfortunately, unlike ELG classi- 
fication based on such diagrams, to our knowledge there 



200 ^, Sextan s A an d Sextans B (iKniazev et al.1 l2005al ; 
Magrini et al' '2005a), Leo A (Kniazev et al.' ^005%, 
NGC 6822 (Richer & McCall 2007)^ornax (Kniazev et al] 
r2006al . boOTi i Sagittarius (IWalshlll997l : IZiilstra et aLlbooefT 
NGC 147 (iGoncalves et al.l |2007|) M 32 (|jenner et all 
Il979l). NGC 205 jRicher fc McCalll [ l995h . and NGC 5128 
( Walsh et all 1 19991) . In cases for which measurements of 
[S 11] lines in PNe and PN candidates were not available, 
and for which we have data (PNe in Sextans B and PN 7 in 
IC 10), 2a upper limits were calculated. These upper limits 
are shown as well with arrows. Our data for IC 10 were not 
used for criteria selection. 
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Figure 3. Classification diagrams for PNe/Hll galaxy sepa- 
ration. The SPSS D Rl strong emission-line Hll-galaxies from 
iKniazev et al. I 1I2OO4I ') are plotted as dots. The data for extra- 
galactic PNe are overplotted with different symbols: from M 31 
as empty circles, from NGC 205 and M 32 as empty triangles, 
from Fornax, Sagittarius and NGC 147 as crossed squares, from 
NGC 5128 as crosses (x), from the SMC as pluses {-!-), from the 
LMC as filled diamonds, from Leo A and NGC 6822 as empty 
squares, from Sextans A as a star, from Sextans B as filled trian- 
gles, from M 33 as filled lozenges and the current data for IC 10 as 
filled squares. The positions of the observed IC 10 PN candidates 
are labeled in the upper panel. The points representing upper 
limits arc shown with arrows in the lower p anel. The solid line 
shows the models from iKewlev et aO l|200lh used for AGN/Hll 
galaxy separation. 



In total, we collected a sample of 259 different extra- 
galactic PNe with measurements of all the emission line 
intensities we are considering: [O ill] A5007, H/3, Ha, [N 11] 
A6584, and [S 11] AA6716,6731. We did not require separate 
measurements of the [S 11] AA6716,6731 lines for this sam- 
ple, which we used for calculation of the overall selection 
efficiency. A subsample of 227 extragalactic PNe with re- 
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Figure 4. Classification diagrams for PNe/Hll galaxy separa- 
tion. The symbols are the same as in Figure |3] The points repre- 
senting upper limits are shown with downward arrows. The solid 
lines show graphically the criteria for PNe/Hll separation that 
wore used in this work. See Section l4.1l for more details. 



solved measurements of [S 11] AA6716,6731 was used to esti- 
mate the selection efficiency for criteria involving the use of 
the sulphur lines. 

Our analysis has shown that it is possible to clas- 
sify/separate almost all collected extragalactic PNe, if at 
least two (main) diagrams are used: log([Olll] A5007/H/3) 
vs. log([Nn] A6584/Hq) andlog([Sn] AA6716,6731/Ha) vs. 
log([Nll] A6584/Hq). However, it is worth noting that most 
of these PNe can easily be separated with only the first 
diagram, which utilizes the strongest emission lines easily 
detectable in both PNe and H 11 regions. It is clearly seen in 
the top panel of Figure |3] that most PNe are located in the 
same area as AGNs and can be eas ily distinguished with the 
model track of lKewley et all 1I2OOII), often used for AGN/H 11 
segregation (see, e.g., Kniazev et al.|[2004h . The demarcation 
line from this model is shown as a solid line in Figure [S] We 
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use this to construct the first quantitative criterion for the 
PNe selection: 

log ([O lll]/H/3) > (0.61/ log ([N ll]/Ha) - 0.47) + 1.19 (1) 

This allows us to identify 76% of all objects from the 
compiled list as PNe. However, the subsample of PN in 
Leo A, four PNe in Sextans B, the PN 7a and PN 7b candi- 
dates in IC 10 and some PNe candidates from M33, LMC 
and SMC form a locus in the area of H ll regions, so 
that other classification diagrams must be used to sepa- 
rate them. The use of the diagram log([0 ill] A5007/H/3) vs. 
log ([Sll] AA6716,6731/H q) (bottom panel of Figure and 
the lKewlev et all (|200ll ) model's demarcation line 

log ([O ni]/H/3) ^ (0.72/ log ([S ii]/Ha) - 0.32) + 1.30 (2) 

does not help, since more PNe appear in the region 
of Hll compared with those found in the diagram 
log([Oiii] A5007/H/3) vs. log([Nn] A6584/Hq). The classifi- 
cation efficiency of criterion @ for our compiled PNe sample 
is only 62%. Thus we did not use the classification diagram 
log([Olll] A5007/H/3) vs. log([Sll] AA6716,6731/Ha) in any 
further analysis. 

The separation of supernova remnants (SNRs) is out- 
side the scope of the current study. However, we suggest that 
most SNRs can also be distinguished with the use of the 
diagram log([Oii i] A5007/H/?) vs. log ([Nii] A6584/Ha), the 
model lines from iKewlev et al.l (|2001 ), and the addition of 
model lines for LINER sele c tion fr om lveilleux fc Osterbrockl 
lll987^ and Baldwin et ahl (Il98ll ). as was demonstrated in 
iKniazev et al.l 1 2004 ). The latter is possible since both LIN- 
ERs and SNRs have significant emission contributions from 
shock excitation. All such objects are located below the line 
corres ponding to criterion ([ill. The locus of SNRs found in 
M 33 l|Magrini et al.|[2003al ) supports this conclusion. 

The diagram log([S ii] AA6716,6731/Ha) vs. 
log([Nn] A6584/Ha) (shown in the top panel of Fig- 
ure 131, can be used as an additional diagnostic for the 
identification of PNe. From the analysis of our compiled PN 
data we have found that, with the use of only the criterion: 

log ([S ii]/Hq) ^ 0.63 ■ log ([N ii]/Hq) - 0.55 (3) 

83% of our PNe can be recovered. However, with the com- 
bined use of criteria Q and 99% of PNe can be dis- 
tinguished from Hll regions (i.e., all but two cases). Any 
analysed object is classified as a PN if it is located in the 
PNe locus according to at least of one of the cited criteria. 
It should be noted that, for many extragalactic PNe the de- 
tection of [S ll] AA6716,6731 lines is difficult, since the ratio 
I([Sii] AA6716,6731)/I(H/3) is typically ~0.5-5%. However, 
upper limits for this line ratio can be successfully used in 
this situation, similar to the cases of the PNe from Sextans B 
and the candidate PN 9 in IC 10. This second criterion is also 
very useful for rejecting possible SNRs, which fill the locus 
shown with the dashed line in the top panel of Figure [l] 

The last classification diagram we considered is the 
relation between the fiux ratio of the two lines of the 
[Sii] A6716/A6731 doublet and that of the flux ratio 
of the [Nil] A6584 and Ha lines: [Sll] A6716/A6731 vs. 
log([Nll] A6584/Ha). This is shown in the bottom panel of 
Figure |4l The criteria below 
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Figure 5. PNLF for tlie PN candidates in IC 10, excluding PN 7. 
The data have been binned in (K"6 interval s. The solid curve rep - 
resent the best-fitting "universal" PNLF l lCiarduIIo et al.lllQSgl) 
obtained for the data points. The dotted curves represent the 
best-fitting "universal" PNLFs obtained for the data points with 
ztlo" errors. 



log([Nll]/Ha) > -0.25 



(5) 



select 81% of PNe that have their [Sii] AA6716,6731 lines 
measured separately. With a combination of criteria ^ and 
((3|, only one more PN is selected and the total selection 
efficiency reaches 99.6%. Just one PN from o ur compiled 
list, MCMP49 in M 33 (|Magrini et al.ll2003ah . cannot be 
identified as a genuine PN using all the diagrams. 



4.2 On the brightest PN in IC 10 and its distance 

The IC 10 candidate PN 9 observed in this work can be con- 
fidently classified as a true PN according to both criteria 
IT]) and ([3]). However, according to all classification diagrams 
shown in Figures|3]and|31 IC 10 candidates PN 7a and PN 7b, 
cannot be selected as PNe and for this reason were finally 
classified as compact Hll regions. An additional reason to 
believe that PN 7a and PN 7b are H ll regions is the detec- 
tion of continuum in their spectra (see Figure [2)|. 

The absolute magnitude cutoff of the PNe [O iii] A5007 
luminosity function (PNLF) is considered to be constant in 
large galaxies wi th a large pop ulation of PNe, and is equal to 
M,5007 =-4°'47 ( jCiarduUo e t al. 2002). For dwarf galaxies, 
this cutoff is likely shifted towards the fainter magnitudes 
as a function of th e galaxy mass and t he population size 
(|Mendez et al.lll993l 'l. lDopita et al] l| 19921 ) also examined the 
effects of metallicity on the luminosity of the brightest PN. 
According to their models, the variation of the cutoff mag- 
nitude M*5oo7 with oxygen abundance is described by the 
relation 



AM, 



0.928 ■ [O/Rf + 0.225 • [0/H] -I- 0.014, 



(6) 



[Sii]A6716/A6731 < -0.135 ■ log ([Nii]/Ha) + 0.90 



(4) 



where [O/H] is the system's logarithmic oxygen abun- 
dance referenced to the s o lar value 12-|-lo g (Q/H ) = 8.87 
(lAnders TGrevessi[l98i). [ Ciardullo et al. I (|2002l ) studied 
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the accuracy of M*5oo7 and found that M.5007 =-4™47±0.05 
after the correction for metallicity using equation ((6}. 

The brightest PNe absolute magnitudes should be rea- 
sonably close to M,5o o7. With PN 7, the b rightest can- 
didate in IC 10 from iMagrini et al] l|2003bl ). M,5007 for 
this galaxy can be calculat ed as — 5™34, where for candi- 
date PN7 7715007 = 21^71 (jMaerini et al.ll2003bl ). A5007 = 
^"70, assuming background ex1: inction of Eb-v = 0.77 



Hunteij 2001 ) and a distance modulus 
'iooi). Adopting the value 



l|Richer et alj I2OOII : 

(m - M) = 24.35 (iDemers et al.1 
of 12-hlog(0/H) = 8.19, [0/H] = -0.68 and AM/cio,.5007 = 
0.29, respectively for IC 10 we expect the 'corrected' cutoff 
magnitude for the IC 10 PNLF to be M.5007 =-4™ 18. Thus, 
the calculated M,5oo7 for PN 7 appears ~1™15 brighter than 
the standard value. 

After the rejection of the PN 7 candidate as an H 11 re- 
gion based on the results of our observations, the PNLF 
for PN c andidates in IC 10 is shown in Figure O where 
data from iMagrini et all l|2003bl ) have been binned into G^G 
intervals. Poisson ±la error bars are shown for the de- 
tected number of PNe in these bins. We have fitte d this 
PNLF with a "universal" PNLF (|Ciardullo et al.ll 19891) . tak- 
ing only the brightest PNe (first three bins, eleven PNe 
in total) into account an d using a uniform foreground ex - 
tinction of Eb-v = 0.77 (jRicher et al.ll200ll : iHunteilliool ). 
The result of this fitting and Poisson errors are also shown 
in Figure [5] With this small sample we obtained the dis- 
tance modulus (m — M) — 24.301q ;[g ( including the error 
in Mtsoo?), corresponding to a dista nce D = 7251^^ kpc ; 



this is very close to the value from iDemers et al.1 l|2004h . 
This distance modulus is also c onsistent with the r ecent esti- 
mate (m-M) = 24.48 ±0.18 in lVacca et"al] (|2007l '). obtained 
from the study of individual RGB sta rs. With the PN data in 
hand , a d istance to IC 10 of 950 Mpc jMassev fc Armandrofj 
I1995I : Hunter 2001) seems implausible. The PNLF dip af- 
ter the first three bins is likely a result of incompleteness, 
or could arise in a young popul ation in which central sta r 
evolution proceeds very quickly l|jacobv fc De Marcolliooj ) . 
Such a dip is als o detected in the PNLFs in NGC6822 



Leisv et al.ll2005h. the SmaU MageUanic Cloud and M33 



Jacobv fc De Marcd[20o3 : ICiardullo et al.ll2004h 



Of course, PN candidates, not confirmed PNe, were used 
for the PNLF calculation (except in the case of PN9, which 
was confirmed in this paper), making this result for the 
IC 10 PNLF distance somewhat preliminary. However, all 
the bright PN cand idates that were used for the PNLF fit- 
ting have R > 1.6 jMagrini et al.ll2003bl ) and thus have a 
very high probability of being real PNe. 

The calculated distance to IC 10 obviously depends on 
the extinction values used; higher extinction values would 
place IC 10 even closer to us. The total extinction value to- 
ward IC 10 is a combination of foreground (i.e.. Galactic) 
extinction, and the extinction internal to IC 10 ; this latter 
quantity is quite uncertain, and for this reason only fore- 
ground extinction is usually considered (as we have done in 
this work). The great advantage of PNLF distance calcula- 
tions (compared to other methods) is that, in principle, the 
total extinction along the line of sight can be calculated after 
proper spectral observations o f PN candidates and calcula- 
tions of C(H/3) for each PN (jjacobv. Walker, fc CiarduUd 
1 19901 ). For this reason further spectroscopic observations of 
other PN candidates in IC 10 are very important. On the 



other hand, total extinctions calculated using C(H/3) for PNe 
have to be used carefully, since could be strongly affected by 
extinction in localised circumstellar material. For this rea- 
son we do not make further use of the extinction we derive 
from the spectrum of PN 9 in IC 10; instead, we plan to map 
the line-of-sight extinction in its neighbourhood through ob- 
servations of nearby H 11 regions. 



5 CONCLUSIONS 

In this paper we present the first results of follow-up spec- 
troscopy of PN candidates in the Local Group starburst 
galaxy IC 10. Based on our data and the discussion above, 
we draw the following conclusions: 

1. From the obtained spectral data and the emission 
line diagnostic diagrams we h ave found that the br ightest 
candidate PN 7 from the list of lMagrini et al.1 (|2003bh is not 
a genuine PN, but rather a close pair of compact Hll re- 
gions. The calculated absolute magnitude M,5oo7 for PN 7 
is about 1™15 brighter than the standard maximum value 
from the PN luminosity function expected at the approxi- 
mate distance of IC 10. 

2. We have found that PN 9, obtained from the same 
list of candidate PNe, is a true PN, and thus is the first 
confirmed PN in IC 10. 

3. With the available PN candidate data, we estimate 
the PNLF distance to IC 10 as 725^33 kpc, a distance mod- 



ulus of (m - M) = 24.30: 
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